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the cloud which the balloon entered was the same as
that observed in the nephoscope, and while it is not
certain that the cloud entered was part of the lowest layer
of strato-cumulus, the circumstances seam to justify the
assumption that the nephoscope observation is applicable
to the place where the balloon disappeared. In the
first place the dire:tion of motion of the cloud as observed
was from 122° and that of the balloon during the last
minute of flight was from 120°. Above this lowest (?)
series of strato-cumulus bands were two others; the next
higher (?) one was from 130 to 135° at a speed of 5.9 to
6.4 m/s for each kilometer of elevation, and the highest (?)
was from 130° at a speed of 3.7 m/s for each kilometer of
elevation. It was estimated at the time that the highest
layer was at about 3 kilometers.

Assuming that the balloon entered the lowest layer of
strato-cumulus, which were moving at the rato of 7 m/s
for every thousand feet of elevation, it should have heen
moving at the rate of 12.6 m/s at the 1,300 meter level
(the assumed altitude). If it had been moving at that
rate, however, during the last minute of flight, it would
have been carried out to a point 756 meters bheyond
where it was at the end of the eighth minute, or to a point
7,416 meters from the station. At that point, with an
elevation angle of 14.3° as observed, the height of the
balloon would have been 1,890 meters, which in turn
would give us a velocity of 13.2 m/s, as the naphoscope
readings indicated a velocity of 7 m/s for every kilometer
of elevation.

Assuming a velocity of 13.2 m/s we carry the approxi-
mation one step farther, and ohtain a distance out of
7,452 meters, an altitude of 1,900 meters, and a velocity
of 13.3 m/s. Further approximations do not materially
alter this result.

Since the balloon was so inflated as to reach 1,500
meters in 9 minutes under ordinary conditions, it appears
to have gained 100 meters during the last minute of its
flight on account of ascensional air currents.
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A CONTRIBUTION TO THE METEOROLOGY OF THE
: ENGLISH CHANNEL.
By Hueu D. GGRanT.
[Noted from The Aeronautical Journal, January, 1921, pp. 25-38.]

Owing to the notorious capriciousness of the weather
of the Iinglish Channel, and to the vast dependence of
transchannel navigation, both marine and aerial, upon
these wvagaries, this study has been made. It is an
attempt to analyze the barometric disturbances which
give rise to the channel weather, and the relation of the
topography to the sudden changes which occur. Winds,
in mid-channel and along the coast, were studied; the
latter were investigated by means of pilot balloons which
were filled so as to be in equilibrium in the surface air,
and by this means a very good idea of the turbulence and
gusts along the steep cliffs between Dover and Folkestone
was obtained. Fogs, thunderstorms, gales, and squalls
are also considered. It is pointed out that the number
of well-equipped observatories and dense population on
both sides of the channel afford unusual advantages to
the investigator, owing to the large number of voluntary
observers.—C. L. M.

PILOT-BALLOON WORK IN CANADA.

By J. PaTTERSON.
[Presented hefore the Ameriean Metenrological Society, Chicago, Der. 28, 1920.]
{Author's Abstract.)

The Meteorological Service of Canada in conjunction
with the Air Board of Canada has established a series of
pilot-balloon stations across the country. Last year
stations were opened at Vancouver, British Columbia,
Morley Alta (near Calgary), Camp Borton, Toronto, and
Ottawa, Ontario, and Roberval (Eake. St. John), Quebec.
It is the intention to open stations this spring at Peace
River Crossing and Fort Good Hope on the MacKenzie
River. The one theodolite method was used and results
plotted in the usual way.

THE MAKING OF UPPER-AIR PRESSURE MAPS FROM OBSERVED WIND VELOCITIES.

By C. LERoY MEISINGER.

[Weather Bureau, Washington, D. (', Nov. 27, 1920.]

SYNOPSIS.

If the equation which expresses the relation hetween the speed of
the wind and the distribution of barometric pressure be solved for the
gradient in terms of the observed speed. density of the air, radius of
curvature of the wind path, and latitude, it is possible to work out a
fairly accurate map of the distribution of harometric pressure at upper
levels. This has heen done for the ohservations made ahout 8 2. m.,
March 27, 1920, at most of the aerological stations of the Weather Bureau
and the Signal Corps. The pressures obhserved by kites, when used in
connection with the computed gradients, give the clue to the values of
the absolute pressures at the level in question. Maps of the 1, 2, and
3 kilometer levels were thius constructed.

The gradient wind.—If it is assumed, as is usually justi-
fiable, that the effect of the friction of the carth’s surface
is negligible at about 500 meters above the surface, it
shoul%l e possible to use observed wind velocities as a
basis for determining the distribution of pressure aloft.
The gradient wind equation is frequently used to deter-
mine the speed of the wind, using as a basis the sea-level
distribution of pressure, but it is obvious that, by solving
the equation for the gradient in terms of the speed, the
density of the air, the radius of curvature of the wind
path, and the latitude, an aceurate upper-air map ought
to result if based upon sufficient observations. Pilot-
balloon observations give only wind speed and direction
at various heights; and with these data alone it is possi-

1 Presented hefnre the American Meteorolngiral Society at Chiragn, Der, 2%, 1921,

ble to determine the gradient but not the absolute pres-
sure. This deficiency may be supplied by kite observa-
tions which, when reduced, give the ahsolute value of the
pressure at various levels. Since wind direction is an
index to the direction of the isobar and, therefore, the
gradient, (the latter being normal to the former) we are
enabled to determine quite accurately the radius of
curvature of the path. The density may be determined
from kite data also. Thus we have all the necessary
values to substitute in the equation.

1f we take the three equations for the velocity of the
gradient wind, as given by Dr. W. J. Humphreys?
namely:

(... -n=\/:—g—ﬁ+(rw sin ¢)*—rws in ¢ for cyclones;
dp
&) v= -——-—d"-? — for straight isobars;
o 2up sin ¢ !

Y ... v=rwsin ¢—-\/('I'w sin ¢)*—

. 11 )
clones, and solve them for (—i%’

TP goy anticy-
p dn
we obtain, respectively,

2 The Physics of the Air, Franklin Institute, 1920, pp. 139-140.




“@ ... an =;_—('v’+2'm'w sin ¢) for cyclones,

B) ... Z—?n"= 2uwp sin ¢ for straight isobars;

@) ... %=:—.(2ww sin ¢—?) for anticyclones;

in which » is the velocity, %—1 is the difference in pressure

per unit horizontal distance normal to the isobars
r=r sec a, where r, is the radius of curvature of the
wind path, and « is the angular radius of the circle upon
which the air is moving measured from the center of the
earth; p is the density of the air; o the angle through
which the earth turns in a second; and ¢ is the latitude
of the place.

Since the difference between r and 7, is usually small,
and, in this case, the value is only an approximation, it is
possible to regard them as equal. It is noticed further
that the three equations which have been solved for z%:

contain the term 2wp. For a given level, this may be
considered as a constant, since we may assume the
value of the density constant for a given level. The
value of the density used was that given by Dr. H. H.
Kimball as standard.® The angular velocity of the

. . 2
earth's rotation is, of course, ﬁl These factors
<. y

when multiplied together give a constant for the level in

question. For it the following values of this constant
have been computed:
Constant
Altitude (km.). p (kg/m?). d7p_
85,164
1104 161 x10 ¢
0. 996 145 x 1)-6
0. 806 131 x 108

The computations.—Owing to the difficulty in obtaining
an accurate estimate of the radius of curvature of the
wind path, and the fact that, in general, such radii are
very large, it has been suggested that only the straight-
isobar equation be employed in this connection. is
would have the advantage of making the computation
somewhat simpler. 1t is doubtful, however, whether this
equation should be used universally in determining the
pressure gradient. Reference to figure 40, page 143, in
the ‘‘Physics of the Air” shows what the error would
amount to in meters per second when the velocity is
determined by equations (1), (2), or (3). The diagram
is computed for latitude 40° and a pressure gradient of
1 millimeter of mercury per 100 kilometers. 1t is seen
that when the radius of curvature is very large, greater
than 1,200 kilometers, the agreement bhetween equa-

3 Kimball, Herbert H.: On relations of atmospheric pressure, temperature, and
density to altitude. MONTALY WEATHER REVIEW, March, 1919, 47:154-158,
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tions (1) and (2) and between (3) and (2) is within 2
meters per second. With radii less than 1,200 meters,
however, the discrepancy becomes rapidly larger, espe-
cially in the case of the anticyclone where, under these
conditions, the radius of the critical isobar is about
600 kilometers; at this radius the difference between
equations (3) and (2) amounts to slightly over 7 meters
per second. Between equations (1) and (2) the differ-
ence at 600-kilometer radius is about 2 meters per second,
and at 100-kilometer radius the difference amounts to
about 6 meters per second. These discrepancies seem
to be sufficiently Ifarge to demand the use of the cyclone
and anticyclone equations where the radii are short.

The question of which equation to use in solving for
the gradient was answered by inspection of the pre-
liminary charts of wind stream lines which were sketched
from the wind directions as observed. It is possible
with these data to procede to the solution. The follow-
ing table gives the observed data as to wind direction
and speed at the 1, 2, and 3 kilometer levels from pilot
balloons and kites:

TABLE 1.—0bserved wind directions, and speeds.

1 kilomeler. 2 kilometers. 3 kilometers.

Speed.

Station.

" | Direetion. Directisn. | § .| Direction.

Denver, Culo. . .........
Fort Sill, Okla.........
Ellendale...............

Kelly Field.....
Madism........
Lansing. .....

&
Mitchel Field...
Aberdeen.......
Washiugtnn e
Camp Vail.... .-
Fort Monroe............
Camp Bragg............

In Table 2 are given the data from which it is possible
to draw the isobaric maps of the upper levells. For
each level the data include the value of the gradient in
millibars per 100 km. horizontal distance, the distance
between isobars in kilometers for pressure intervals of
9.5 millibars, the actual pressure observed with kites in
millibars, and the estimated pressure at several of the
kite stations, where the kites did not quite attain the
desired altitude. This extrapolation was effected by
use of the hypsometric formula, using the greatest
altitude a.btaine(’i) by the kite as the lower level and the
desired altitude as the upper level, and using as the
mean temperature of the air column that value of tem-
perature which would have been attained at the middle
of the intervening air column had the vertical gradient
continued at the rate observed at the highest point in
the flight. This gives a value of the pressure at the
upper Tevel which is probably very nearly correct. This
operation was performed in the case of Ellendale and
Broken Arrow for the 2-kilometer level, and for Ellen-
dale, Drexel, and Broken Arrow for the 3-kilometer level.
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TABLE 2.—Observed pressures and computed gradients.
1 kilometer. 2 kilometers. 3 kilometers.
Station. dp_ | Distance Esii- dp | Distance Esti- dp | Distance . Est-
dn | between O:’::S:: mated dn | between %",2:;‘1% mated dn | between g%es{,‘reed mated
(mb/100| isobars p(mf) ). | pressure (mb/100| Isobars | “(mb.). | PFeS$Ure {(mbyj100| isobsrs | “(mb.). |Ppressure
km.). | (&km.). - (mb.). D | (k). (mb.) D). | (km.). (mb.).
B 0.4
Fort Sill. ... i i 250 102 (... eeeeeiien]ieieins
Ellendale.... -- 0.8 0.5
Drexel....... 2.8 2.5
Broken Arrow 20| 21| w034 |..o..ii)eeieenas
Kelly Field. . 0.5 1.2
Madison...... 0.9 1.3
DY (T 1.3 2.4
RoyalCenter... .. . et iiceirceacnancna 0.9 1.2
CamguKnax .- 0.8 0.8
rg..... 0.3 0.3
Mitchel Field LB | 159 |..eeiiiaiienens
Aberdeen. ... 2,2 LS8
‘Washington.. 25 102 | ...
Camp Vail. ... e b2 N (R b1 N (IS SOOI PO
Yort Monroe.... fheararaenrannan L1 L6
Camp Bragg. .. ccniiiiiiiiniaecrireraeii e n e 0.8 0.8

AUXILIARY CHARTS.

In order to facilitate the drawing of the maps, auxiliar)
charts (figs. 1, 2, and 3) were drawn. These figures show
the distance between isobars in eastern United States
where the interval of pressure is 2.5 mb. The lines of
e(ﬁual distance between isobars are drawn for every 100
kilometers from the data contained in Table 2. By
means of these figures, one can tell at any point in the

lower layers with a lower pressure at upper levels. The
effect of the HIGH in the southeastern part of the United
States, while still strong at the 2-kilometer level has dis-
appeared at the 3-kilometer level. This is shown also
by the slight winds at Leesburg up to 2 kilometers which
change to strong from the WSW. at the 3-kilometer level.

In one or two cases it will be seen that the station
arrow does not exactly coincide with the "direction of
the isobar nearest the place. This may be due to one of

F1as. 1, 2, and 3.~Auxilisry maps showing distance between isobarsin eastern United Statesat thel, 2, and 3 kilometer levels, Mar. 27, 1029, 8 a. m., 75th meridian time.

re%i)on in question what the distance is between the
isobars. .
UPPER-AIR PRESSURE MAPS.

Figure 4 shows the distribution of pressure and tem-
perature on the morning of March 27, 1920. The isobars
are for sea-level in millibars, and the isotherms are for
the surface in degrees, centigrade. Figures 5, 6, and 7
show the distribution of pressure at the 1, 2, and 3 kilo-
meter levels, respectively.

The 3-kilometer map shows the tendency for the low
center to shift westward, which is what would be expected,
since the inflow of cold dense air in the rear of the cyclone
would tend to concentrate a great weight of air in the

two reasons: either the winds were so gentle that the
indicated direction was of little significance, or the
legitimate smoothing of the isobar necessitated makin,

it pass the station at an angle slightly at variance wit.

the arrow. It should be remembered that the direc-
tions are given only in 16 compass points and for this
reason such slight discrepancies can not be avoided.

It will be seen that at the 3-kilometer level the gradient
as drawn in figure 3 is somewhat less than that shown in
figure 7. This is believed to be justified by the fact that
the estimated pressure at Ellendale is more reliable than
the value of the gradient. There is no wind record at
Ellendale for that elevation, hence it is fair to suppose
that figure 3 is less trustworthy than the extrapolated
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FIG. 4.—Weather map for Mar. 27, 1920, 8a. m., 75thmeridiantime. (Pressures in millibars and temperature in degrees centigrade.)
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F1a. 5.—Pressure at the l-kilometer level, in millibars, Mar. 27, 192), 8 a. m., 75th
meridian time.
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ressure, and for that reason, the pressure slope has
een represented somewhat steeper than the gradient
uld indicate.
CONCLUSION.

This short study is an example of the application of the
theory of the gradient wing. In spite of the many
observational errors that may creep into pilot-balloon
data, especially when obtained by the single theodolite
method, there is a striking congruity in the figures
obtained. It is true that at present the making of such
maps by this method is impracticable, not only because
of the considerable computation involved, but also
because of the number of aerological stations is too small
to furnish as much data as would be required. Never-
theless, the difliculties of the proposition fie more largely
with external circumstances than with the scientific
reasoning. We must improve our methods of forecast-
ing for aviation, and to do it we must have first-hand
knowledge of what is going on aloft—mot in a desultory
and fitful manner, but in a solid, consistent network of
aerological stations. Those the Weather Bureau is
operating at present are doing excellent work, and the
assistance of the Signal Corps is extremely useful, but
still this is only a beginning and expansion in the aerologi-
cal work is one of the greatest needs of the Weather
Bureau. Such a method of drawing charts of the upper
air may prove to be useful in preparing wind charts for
aviators.
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F1c. 7.—Pressure at the 3-kilometer level, in millibars, Mar. 27, 1920, 8 & . m., 75th
meridian time.

THE WEATHER FACTOR IN AERONAUTICS.!

By C. LERoy MEISINGER.

[Weather Bureau, Washington, D. C., Jan. 20, 1921.]

¢Scolt and Cooke spend mach time at the chart table, measuring angles of drift and caleulating the course. Aerial navigation is more compli-
caled than navigation on the surface of the sea, but there is no reason why, when we Fnow more ubout the air and its peculiarities, it should not be

made just as accurate.”’—Brig. Gen. Maitland, in the log of the R. 34.
SYNOPSIR.

Despite the significant advances of commercial aeronautics since the
war, tﬁere. remains a singular indifference of the public to the enter-
prise. Itisbelieved that a recognition of the importance of the weather
factor will assist in overcoming this indifference through the increase
of safety and efficiency. Since lighter-than-air and heavier-than-air
craft each have an important place in the scheme of aerial transport,
their respective functions must be understood; the former is the prob-
?lblﬁ carrier for long, non-stop flights, and the latter for the short fast

ights.

g.l‘he effect of winds on aircraft may be summed up in an equaiion,
which expresses the speed along the course:

V=V¥,co36,— ¥, cos8

wherein V, is the still-air speed of the craft, 77, the wind speed, 6, the
angle the craft must turn relative to its course to overcome the effect
of drift and @ the angle between the wind direction and the course.

The experience of great European commercial aerial transport enter-
prises has indicated that the development of this form of transportation
will naturally evolve a field for the asronautical meteorologist, whose
work will consist essentially in reducing for the benefit of his organiza-
tion the detailed information for the individual pilots, a function too
complex for any governmental agency to handle.

A specific example of the effect of winds on flight is given which in-
dica..be;1 the lines along which meteorological information may be or-

anized.

8 In this connection, one research problem of profound importance is
that of the reduction of barometric pressure to levels in the free air.
The success of this problem is largely dependent upoen the amount of
upper-air observations collected.

INTRODUCTION.

Civil aviation in the United States.—The trend of
opinion among those who are most conversant with the
results of the first years’ efforts in commercial aero-

1 Presented, in part, before the American Meteorological Society, at Chicago, IN., Dec.
28, 1920; and the Philosophical Society of Washington, Feb. 12, 1921,

nautics secms to be that, to the present, these efforts
must be regarded as demonstrations rather than as suc-
cessful business enterprises. Some in America, make it
appear that we must look to the other side of the Atlantic
for our object lessons in commercial aeronautics, thereby
noglecting the oxeellent large-scale activities of our own
mail service and numerous successful smaller enter-
prises.  'We are likely to forget that the route between
Miami and Habana, while perhaps not so difficult to fly,
is about the same length as the much heralded London-
Paris route: and that every day the mail planes are suc-
cessfully flving over laps of such lengths that the famed
European routes seem to diminish in importance as ex-
amples.  We find that our activities are looked upon by
Europoan nations with a considerable degree of interest
and our Aerial Mail regarded by Maj. Gen. Sir F. H.
S.kes, comptroller general of civil aviation, as a ‘‘par-
ticularly intoresting experiment.”’”? There are those who
point out that a lack of adeguate laws is holding in
leash numerous enterprises which stand ready to put into
operation a large program of aerial transportation. The
legal problem involved is of considerable magnitude and
profound importance.®

Yet with all the interest and encouraging prospects of
the efforts, there appears to be a singular indifference on
the part of the pull)lic to commercial aeronautics. And
this may" be attributed in a large measure to the lack of
publicity given the venture.* In any event, the fact must

e recognized that the confidence of the public, one of the

2 Civil aviation abroad. U. 8. .dir Service, December, 1920, pp. 24-26,

1 Davis, Maj. W. Jefferson: Laws of the air. U. S. 4ir Sertice, December, 1920, pp.
';-Al-.rial mail as a promoter of commercial acronautics. Editorial note. Aerial Age
TWeekly, Nov. 29, 1820, p. 315,



